. (1974). Thorax, 29,[1][2][3][4][5][6][7][8][9][10][11][12][13][14][15] cough. Physical examination suggested the presence of a large right-sided pleural effusion. Repeated aspirations of fluid to a total volume of 7 litres were performed. Examination of the fluid failed to demonstrate the presence of malignant cells. A post-aspiration chest radiograph (Fig. 1) revealed a large mass in the right lower lobe. Bronchoscopy was not helpful in making a diagnosis.
Meade, J. B., Whitwell, F., Bickford, B. J., and Waddington, J. K. B. (1974) . Thorax, 29, [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] . Primary haemangiopericytoma of lung. Haemangiopericytoma is a rare neoplasm which may occur at any age and arise in almost any part of the body. At least 247 examples have been reported in the world literature, but only 24 appear to have arisen primarily in the lung. A summary of the features of these cases, collected from the literature, is presented, and four additional cases are described. The tumour may be innocent ol malignant, but there are no characteristic clinical or radiological features to distinguish it from other neoplasms of the lung. Because of uncertainty as to diagnosis and prognosis, surgical excision appears to be the treatment of choice. In the whole series of 28 cases, rather more than half (16) were female, and they tended to be older than the male patients. The mortality from recurrence was higher in males than in females (50% compared with 32 %). The prognosis in general seems to be best with small, asymptomatic tumours, especially in female patients. A brief account is given of the nature and function of the pericyte. It was originally thought to be a cell of muscular type, but recent research suggests that it is a multipotent cell capable of development into other cell types and having phagocytic properties. It lies in the basement membrane of capillary blood vessels and may have some connection with antibody formation, but its exact function has not yet been elucidated.
The name haemangiopericytoma was suggested by Stout and Murray (1942) for an unusual vascular tumour composed of capillary pericytes. The tumour is ubiquitous in its occurrence yet only a small number of primary pulmonary haemangiopericytomas have been reported in the world literature. We present four cases of primary haemangiopericytoma of lung together with a review of the world literature. CASE 
REPORTS
CASE 1 A 73-year-old professional man was admitted to Broadgreen Hospital in October 1969. He complained of recent sudden onset of dyspnoea and cough. Physical examination suggested the presence of a large right-sided pleural effusion. Repeated aspirations of fluid to a total volume of 7 litres were performed. Examination of the fluid failed to demonstrate the presence of malignant cells. A post-aspiration chest radiograph (Fig. 1) revealed a large mass in the right lower lobe. Bronchoscopy was not helpful in making a diagnosis.
A right pneumonectomy was performed. The right lung contained a large firm lobulated mass which protruded through the pleura in the posterior part of the upper lobe.
B
On section of the lung the tumour was found to replace the central part of the lung involving all lobes and measuring 15 x 8 x 7 cm across (Fig. 2) . It had a firm texture, appeared encapsulated, and was light grey except for areas of haemorrhage and necrosis. No connection could be found between the tumour and any large bronchus or pulmonary vessel, except at one area in the periphery of the upper lobe where the tumour involved a medium-sized pulmonary vein and extended into its lumen. The hilar and subcarinal lymph nodes were not involved by the tumour, which had the typical appearance of a malignant haemangiopericytoma.
Convalescence was complicated by pain in the right calf which was attributed to deep vein thrombosis and responded rapidly to anticoagulant therapy. The patient was allowed home during the third postoperative week. Two months later he developed a local metastasis in the thoracotomy scar and a small painful nodule in the right calf. This latter lesion was excised and proved to be a metastasis from the haemangiopericytoma. A course of radiotherapy was given to the right leg but the patient died five months after the pneumonectomy. two weeks before admission he complained of sudden onset of cough and haemoptysis associated with pleuritic type chest pain. Air entry was absent over the upper lobe. A chest radiograph (Fig. 3) revealed the presence of a large tumour in the left upper lobe. Bronchoscopy was not helpful in making a diagnosis.
Left pneumonectomy was performed. The left lung showed a bulky upper lobe containing a central tumour and a normal lower lobe. The cut surface of the upper lobe showed it to be largely replaced by a rounded encapsulated tumour 14 cm across. The tumour showed no involvement of large bronchi or pulmonary vessels but it extended to the visceral pleura, which it did not penetrate. The cut surface was firm and creamcoloured except for areas of necrosis and haemorrhage.
The histology showed the typical structure of a malignant haemangiopericytoma.
Convalescence was without complications and the patient was discharged on the 17th postoperative day.
The patient was re-admitted to hospital on 22 September, 1970, because of painful abdominal distension and dysuria. He died ten days later.
Necropsy revealed that the diaphragm and left chest wall were directly invaded by tumour. Beneath the left dome of the diaphragm was a cystic mass whose wall was partly formed by the spleen. This mass was also directly invaded by tumour. There were several pints of ascitic fluid in the peritoneal cavity. There were multiple metastases in the right lobe of the liver and in the tail of the pancreas. Deposits were also present in the mesentery, obstructing the sigmoid colon. A left pneumonectomy was performed. The left lung showed the upper lobe to be largely replaced by a firm rounded encapsulated tumour, about 14 X 12 X 10 cm across. There was no involvement of hilar structures but the tumour penetrated the lateral pleural membrane. The cut surface showed extensive areas of haemorrhage and necrosis. Microscopically it was a malignant haemangiopericytoma.
Convalescence was uncomplicated. A course of radiotherapy was given to the left chest wall as the tumour had been adherent to the anterior chest wall. The patient died four months later.
PATHOLOGICAL FEATURES
GROSS APPEARANCES These cases illustrate the features usually found in pulmonary haemangiopericytomata, the tumours being large and usually centrally situated, though they often reach to the visceral pleura. They are well encapsulated, though the capsule may not be complete, and the surrounding lung tissue shows no sign of compression collapse.
At first glance they look like carcinoid bronchial adenomas, but they are usually larger, extend deeper into the lung substance, and they have no bronchial origin. The texture and colour are similar to those of a bronchial adenoma except for the much more extensive areas of haemorrhage and necrosis.
MICROSCOPIC FEATURES The tumour is characterized microscopically by its vascularity and the peritheliomatous arrangement of the tumour cells. This vascularity comes as rather a surprise because, except for the areas of haemorrhage, the naked-eye appearance is remarkably bloodless. The explanation of this is probably that many of the vascular channels are empty of blood.
However, other lung tumours may show a peritheliomatous pattern, including some carcinomas, carcinoid adenomas, glomangiomas, angiosarcomas, and chemodectomas, and it is the intimate relationship of the fine reticulin fibres and fibrils around the vascular channels and the tumour cells which is most helpful in the diagno-S1S.
In haematoxylin and eosin stained sections the well preserved vascular channels are surrounded by sheets of regular cells which have pale cytoplasm and large vesicular nuclei (Figs 6 and 7) . The cells are rounded or may be spindle-shaped and they show few mitoses. Silver impregnation shows a fine reticulin network radiating from the vascular channels (Figs 8 and 9 ) and encircling small groups of tumour cells (Fig. 10) .
This pattern extends through much of the tumour tissue but in places the picture is less clearly seen, with irregular tumour cells, including giant cells, and many mitoses and some loss of the reticulin pattern (Fig. 11) . (Fig. 12) but also where these vessels are thrombosed. The haemorrhages occur from the damaged channels and more often in the less well differentiated areas.
Microscopic involvement of bronchi (Fig. 13 ) and pulmonary vessels occurs, and it is often difficult to decide whether a pulmonary haemangiopericytoma is a primary or a secondary neoplasm. The pericyte has evoked much controversy during the past century. Eberth (1871) was probably the first to describe the cell. Rouget (1873, 1874) described 'non-pigmented adventitial cells'; Vimtrup (1922) referred to them as 'Rouget's cells'. Zimmermann (1923) called the cells 'pericytes' in a paper which presented the results of some 40 years' study. He described the pericytes as 'reminiscent of a hand with slightly spread fingers, which is gripping the other arm'. This was to illustrate a cell body from which emerged primary appendages which in turn gave rise to a series of secondary appendages. Benninghoff (1930) confirmed these findings.
Recent electron microscopic studies, in particular those of Fernando and Movat (1964) , Kuwabara and Cogan (1963) , Cotran, Gattuta, and Majno FIG. 14. Transverse section ofsubcutaneous capillary ofa rat. The lumen (L) contains several erythrocytes (e). The wall is composed oftwo endothelial cells (E), each ofwhich contains a nucleus (N). The endothelial cells lie on a dark, granular basement membrane (B) which divides to enclose a pericyte (P). The pericyte contains a nucleus (n) and cyptoplasmic processes (arrows) which encircle the capillary. Electron micrograph x5,650. (1965), Hogan and Feeny (1963) and Ashton and Oliveira (1966) , have added considerably to the findings of the light microscopists and enable us to appreciate the relationship of the cell to the basement membrane (Figs 14 and 15) .
The pericytes are cells with ramifying protoplasmic processes which surround the endothelial cells of capillaries and venules. They lie within the compartments of the basement membrane. The basement membrane is not a simple membrane but a complex series of compartments which communicate with one another by small stomata, thus permitting fluid, cells, and small particles to move from the vessel lumen to the extracapillary space. The pericyte layer is continuous with the smooth muscle layer of the arterioles but the pericytes contain considerably fewer fibrils than smooth muscle cells and the attachment zones at the plasma membrane are less prominent. Shakib and Oliveira (1966) are of the opinion that the pericyte and endothelial cell have a common cell of origin and they are supported by the observations of Bloodworth (1963) and Agrawal (1965) . Kuwabara and Cogan (1963) believe that the pericyte arises at a later stage than the endothelial cell.
The function of the pericyte remains a matter of controversy. Rouget (1879) was the first to suggest a role like that of the smooth muscle of the arteriole. This has been supported by Vimtrup (1922), Bensley and Vimtrup (1928) , and Krogh and Vimtrup (1932) . Movat and Fernando (1964) , however, contend that their electron microscopic studies show that pericytes have none of the characteristics of smooth muscle; they have no myofibrils and no attachment bodies and the arrangement of the organelles is not like that of the smooth muscle. They suggest that the pericyte plays a part in phagocytosis and antibody production.
Another view, that the pericyte is a multipotent cell capable of developing into other cells and that it is phagocytic, is supported by the early observations of Marchand (1898), Herzog (1914) , and Maximov (1927) . We believe that the electron microscopic studies of Majno and Palade (1961) illustrate beautifully the phagocytic properties of the pericyte. Kuwabara and Cogan (1963) suggested that pericytes inhibit neovasculogenesis but , in his study of the behaviour of the pericyte in diabetic retinopathy, did not substantiate this. Murray and Stout (1942) (1970) , reviewing 247 cases of haemangiopericytoma in all regions of the body, found a female incidence of 50% with a fairly even distribution over all age groups from the neonatal period to over 60 years.
All students of this tumour have been impressed by its lack of uniformity in appearance and growth. The table shows variation in size from 2 to 15 cm in diameter. Cases 10 and 18 are rare examples of multiple primary haemangiopericytomatosis.
Nine of the 16 female patients (56%) and three of the nine male patients (33%) were without symptoms when the tumour was first discovered. Cough, haemoptysis, and chest pain were the commonest symptoms but these might be associated with any tumour of the lung. There were no clinical features which would aid preoperative tumour type diagnosis. Radiographic appearances were likewise unhelpful in this respect.
Three cases of primary haemangiopericytoma of the lung (cases 26, 27, and 28) have been reported in adolescents. A case previously reported as a primary tumour of the lung (Equen, Roach, and Brown, 1963) has, on further examination, proved to be a primary tumour of the rib (Roach, 1971) . Kauffman and Stout (1960) collected 31 cases of primary haemangiopericytoma occurring in children under 15 years. Nineteen were boys and 12 were girls. There appeared to be a higher incidence of malignancy in the older children than in the younger age groups.
Hypoglycaemia and hypertension have been reported in association with haemangiopericytoma. Paullada et al. (1968) have studied one case with hypoglycaemia which they attributed to hyperutilization of glucose by the tumour. Robertson, Klidjian, Harding, and Walters (1967) report a patient with hypertension who was found to have a small haemangiopericytoma in the kidney. The tumour was removed and bioassay showed beyond doubt the presence of renin in large quantities in the tumour. This subject has recently been reviewed (Lee, 1971) . There is no evidence at present of the association of any 'endocrine syndrome' with a primary haemangiopericytoma of the lung. 
